Aims. We examine whether ejection phenomena from accreting T Tauri stars can be described by only one type of self-collimated jet model. Methods. We present analytical kinematic predictions valid soon after the Alfvén surface for all types of steady magnetically self-confined jets. Results. We show that extended disc winds, X-winds, and stellar winds occupy distinct regions in the poloidal speed vs. specific angular momentum plane. Comparisons with current observations of T Tauri jets yield quantitative constraints on the range of launching radii, magnetic lever arms, and specific energy input in disc and stellar winds. Implications on the origin of jet asymmetries and disc magnetic fields are outlined. Conclusions. We argue that ejection phenomena from accreting T Tauri stars most likely include three dynamical components: (1) an outer self-collimated steady disc wind carrying most of the mass-flux in the optical jet (when present), confining (2) a pressure-driven coronal stellar wind and (3) a hot inner flow made of blobs sporadically ejected from the magnetopause. If the stellar magnetic moment is parallel to the disc magnetic field, then the highly variable inner flow resembles a "Reconnection X-wind", that has been proven to efficiently brake down an accreting and contracting young star. If the magnetic moment is anti-parallel, then larger versions of the solar coronal mass ejections are likely to occur. The relative importance of these three components in the observed outflows and the range of radii involved in the disc wind are expected to vary with time, from the stage of embedded source to the optically revealed T Tauri star phase.
Introduction
Actively accreting "classical" T Tauri stars (TTS) often display supersonic collimated jets on scales of a few 10-100 AU in low excitation optical forbidden lines of [O ], [S ], and [N ] (Solf & Boehm 1993; Hirth et al. 1994 Hirth et al. , 1997 Lavalley et al. 1997) , with emission properties indicative of shock-excited outflowing gas at ≃ 10 4 K (Bacciotti & Eislöffel 1999; Lavalley-Fouquet et al. 2000) . These jet signatures are correlated with the infrared excess and accretion rate of the circumstellar disc (Cabrit et al. 1990; Hartigan et al. 1995) . It is therefore widely believed that the accretion process is essential to the observed jets, although the precise physical connexion remains a matter of debate.
Over the last decade, new clues to the origin of the lowexcitation jets in TTS have been provided by sub-arcsecond observations of their collimation and kinematic properties, using HST or ground-based adaptive optics. A first important constraint is set by the narrow opening angles of a few degrees observed beyond ≃ 50 AU of the source (Burrows et al. 1996; Ray et al. 1996 ; Dougados et al. 2000; Hartigan et al. 2004 ). Since TTS do not possess dense envelopes that could confine the flow, the jets must be intrinsically collimated. To date, the Send offprint requests to: J. Ferreira only physical process capable of producing such unidirectional supersonic flows on the required scales is magnetohydrodynamic (MHD) self-confinement. This is achieved by the hoop stress due to a large scale open magnetic field anchored onto a rotating object (see reviews by Königl & Pudritz 2000; Ferreira 2002 ). However, it remains to be established whether this MHD launching occurs predominantly from the circumstellar accretion disc, the rotating star, or its magnetosphere (or a combination of the above).
Interestingly, while T Tauri stars as a group have their discs oriented randomly with respect to the local magnetic field, those with bright optical jets tend to have their disc axes parallel to the ambient magnetic field direction (Ménard & Duchêne 2004) . This trend suggests that magnetic flux through the disc is a key parameter for the efficiency of collimated jets in TTS, as would be expected for if jets trace predominantly a disc wind 1 . Recently, it has been realized that T Tauri jet kinematics offer a powerful way to constrain disc wind physics. Garcia et al. (2001) showed that classical "cold" self-similar disc wind solutions have excessive terminal speeds compared to forbidden The present paper is meant to address these issues. In Section 2, we recall the main physical ingredients of MHD ejection from the three sites that have been proposed to contribute to optical jets (disc, star, magnetosphere), discuss their collimation properties, and possible coexistence. In Section 3, we generalize the work of Anderson et al. (2003) by presenting analytical expressions for the poloidal and rotation speeds valid for all classes of steady, self-collimated MHD jets. We present a diagnostic diagram in the poloidal speed vs. specific angular momentum (v p ,rv φ ) plane, valid soon after the Alfvén surface, and show that stellar winds, X-winds and extended disc winds follow a distinct well-defined behavior. In Section 4, we place in this theoretical diagram the current observations of poloidal and rotation speeds in T Tauri jets, and discuss inferred constraints on model parameters (launching radii, magnetic lever arm, specific heat input). Section 5 summarizes our conclusions and their implications.
MHD ejection from YSOs
Figure 1 provides a synthetic illustration of the various configurations possibly leading to ejection in young stars. The top row displays steady ejection processes occurring regardless of the interaction between the star and its circumstellar disc: accretion-powered disc winds (Figs. 1-a,b ) and pure stellar winds (Fig. 1-c) . The bottom row displays the simplest possible magnetospheric star-disc interaction, namely a dipolar magnetic field aligned parallel ( Fig. 1-d ) or anti-parallel ( Fig. 1 -e,f) to the disc magnetic field. We detail below the properties and main physical ingredients of each ejection configuration.
Accretion-powered disc winds
In such models a large scale magnetic field is assumed to thread the disc from its inner radius r i ∼ r m (the magnetopause) to some external radius r e (smaller than the outer disc radius). When r e ≫ r i one gets a conventional "extended disc wind" as sketched in Fig. 1 -a, for which various self-similar solutions have been computed (Blandford & Payne 1982; Wardle & Königl 1993; Ferreira & Pelletier 1995; Casse & Ferreira 2000a; Ferreira & Casse 2004) . Fig. 1-b shows the other extreme situation when r e ≃ r i , namely when ejection occurs only from one annulus. This gives rise to a wide-angle "X-wind" Shang et al. 2002) .
Note that the only difference between these two cases is the amount of magnetic flux threading the disc. Actually, they correspond to two distinct scenarii for the origin of the large scale vertical magnetic field. In the "extended disc wind" paradigm, the field is assumed to have been either generated by dynamo or advected along with the accreting material (first in the infalling stage, then in the disc stage), or both. In the X-wind paradigm the disc is assumed to be devoid of any large scale magnetic field. It is further assumed that at some point in the past the stellar magnetospheric field, which is penetrating the inner disc regions, was flung open by outflowing disc material and that this has led to the actual field topology where there is no causal link anymore between the star and the disc. Despite this difference in the origin of the magnetic field, the ejection processes actually computed are identical. In both situations jets carry away the exact amount of angular momentum required to allow accretion in the underlying disc portion 2 . However, since the range in launching radii and the shape of the Alfvén surface are different, predicted terminal velocities and angular momentum fluxes are also different and can be tested against observations (see Section 3).
A common misconception in the literature is that "extended disc winds" would provide only low velocities and almost no collimation. For example, the MHD model of Wardle & Königl (1993) matched a protostellar disc at 100 AU to a Blandford & Payne (1982) jet model, which provided a confinement operating only at very large scales and low terminal speeds. However, this is not necessarily so. As shown by Cabrit et al. (1999) and Garcia et al. (2001) , full MHD solutions including the disc wind transition (Ferreira 1997) reproduce very well the observed collimation of TTS jets and give adequate -or even excessive -terminal speeds, provided their innermost launching radius r i is ≃ 0.07 AU (typical disc corotation radius).
Another issue is whether an extended disc wind and an X-wind may physically coexist. It has been proposed by 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 00000000000000000000000000000000000000000000000000000 When the magnetic field is threading the disc on a large radial extension (a: extended disc wind) or a small disc annulus (b: X-wind), jets are accretion-powered. They are mostly pressuredriven when the field lines are anchored onto a slowly rotating star (c: stellar wind). The corresponding Alfvén surfaces S A have been schematically drawn (thick lines). In the X-wind case, two extreme shapes have been drawn: convex (solid line) and concave (dashed). Bottom: Sketch of the two possible axisymmetric magnetospheric configurations: (d) X-type neutral line driving unsteady Reconnection X-winds, when the stellar magnetic moment is parallel to the disc field; (e) Y-type neutral line (akin the terrestrial magnetospheric current sheet) when the stellar magnetic moment is anti-parallel (or when the disc field is negligible). (f) A CME-like ejection is produced whenever the magnetic shear becomes too strong in a magnetically dominated plasma. Such a violently relaxing event may occur with any kind of anti-parallel magnetospheric interaction (even with an inclined dipole). The thick lines mark the zones where reconnections occur. Anderson et al. (2003) that an X-wind would be responsible for the HVC observed in the DG Tau jet whereas an extended disc wind, settled at 2-3 AU, would provide the slower gas flowing at the outer jet edges. This proposal raises the issue of the (vertical) magnetic field distribution within the disc. Indeed, it would imply that, say, from the inner disc edge at ≃ 0.07 AU (locus of the X-wind) to 2-3 AU no large scale magnetic field is present (otherwise it would drive a disc wind). It is unclear how such a "hole" in the magnetic flux distribution could be obtained and maintained. Besides, the collimation (hence acceleration) of the inner X-wind would be strongly influenced by the pressure provided by the outer disc wind, thereby modifying the results based on the current published material. Therefore, it appears very unlikely that an X-wind could coexist with an extended disc wind. However, either type of disc wind may coexist with a stellar wind, and/or with some type of magnetospheric ejection (see below).
MHD stellar winds
Self-collimated stellar winds are produced from open stellar magnetic field lines as sketched in Fig. 1 -c. Stars rotating near break-up can provide their rotational energy to magnetically accelerate stellar winds. But in the case of slowly rotating young stars, such as T Tauri stars, stellar winds can hardly tap the protostellar rotational energy and must be therefore essentially driven by their pressure gradient (see Section 3.3 for more details). Such a gradient stems either from thermal effects (thermally-driven winds, e.g. Sauty & Tsinganos 1994; Sauty et al. 2002) or from turbulent Alfvén waves (wave-driven winds, e.g. Hartmann & MacGregor 1980; DeCampli 1981; Hartmann et al. 1982 ).
In T Tauri stars, accreting material is now believed to be channelled by the magnetospheric field and to release its mechanical energy at a high latitude shock, seen mostly as UV radiation. Under certain circumstances, some post-shocked material might keep a high temperature and build up a large enthalpy reservoir, allowing thereby for a thermally driven outflow. The magnetospheric accretion shock is also an efficient way to generate turbulent Alfvén waves. Thus, both thermal and turbulent pressures could well be present and help to launch MHD winds from the stellar surface. This would be expected to produce a correlation between accretion and ejection signatures, leading to "accretion-powered stellar winds" (Matt & Pudritz 2005) .
There is indeed mounting evidence for accretion-related, hot stellar winds in T Tauri stars e.g. in the form of broad blueshifted absorptions in high excitation lines (Edwards et al. 2003; Dupree et al. 2005) , although their relation to the lowexcitation large scale jets is unclear (Beristain et al. 2001) . We thus make the conjecture that pressure-driven stellar winds likely represent one (fast) component of observed jets, filling in their innermost part. However, we will show in Section 4.4 that such stellar winds are unlikely to carry most of the jet massflux, as it would require an extremely efficient conversion of thermal/wave energy into kinetic energy along the jet.
Unsteady magnetospheric winds
The magnetospheric interaction between the protostar and its accretion disc provides several other possible driving mechanisms for outflows. However, in contrast to the previous situations, these outflows are intrinsically unsteady even in the simplified axisymmetric dipolar magnetic topology considered here.
Parallel configuration: "ReX-winds"
Let us assume that a large scale vertical magnetic field is present in the disc, allowing to drive an extended disc wind. If the protostellar magnetic moment is parallel to the disc field, then a magnetic neutral line (i.e. a true magnetic X-point in the meridional plane) forms at the disc midplane ( Fig. 1-d ) and "Reconnection X-winds" (hereafter "ReX-winds") can be produced above this reconnection site (Ferreira et al. 2000) . Accreted mass is lifted vertically above the neutral line by the strong Lorentz force and is loaded onto newly opened field lines. By this process, open field lines carried in by the accretion flow reconnect with closed stellar field lines. Therefore, ejected disc material is loaded onto field lines that are now anchored to the rotating protostar. Ejection occurs whenever the star rotates faster than the disc material, namely when the magnetic neutral line is located farther than the corotation radius. Both energy and angular momentum are thereby extracted from the rotating star and carried away in this outflow. Ferreira et al. (2000) showed that such a configuration provides a very efficient spin down of a contracting protostar, much more so than any of the other MHD ejection processes considered here.
Because of the intermittent nature of the mass loading process, ReX-winds are best seen as a series of bullets than a laminar flow. These bullets flow along (and push against) the inner magnetic surface of the disc wind. This is a very interesting situation for two reasons. First, the outer disc wind can provide also some confinement to this inner ReX-wind. Second, the presence of a high variability will probably lead to dissipation via shocks (thus heating) and provide an inner pressure (against the outer disc wind). Numerical simulations are needed to investigate such a "two-flow" configuration (see however Hirose et al. 1997; Miller & Stone 1997) . Note that the ReXwind, although ejected from nearly the same region as the Xwind (corotation), has very different characteristics, namely: (i) an intrinsically unsteady character, (ii) a strong braking effect on the accreting star, (iii) the need for a large magnetic flux in the disc.
Anti-parallel configuration: "CME-like ejecta"
If, on the contrary, the stellar magnetic moment is anti-parallel to the disc field then a magnetopause is formed with no magnetic X-point within the disc. This situation holds in particular in the X-wind scenario, where most of the field at the inner disc edge is of stellar origin. The interface between the two fields adopts a Y shape above (and below) the disc, with a neutral line all the way at high altitudes ( Fig. 1-e) 3 . Such an interface does not allow to drive steady self-collimated jets. But the presence of this neutral line is a formidable site for time dependent energetic events, i.e reconnections, as illustrated in Fig. 1-f . Indeed, any loop of stellar magnetic field that threads the disc will be sheared by the differential rotation between the disc and the star. This increase of magnetic energy relaxes by provoking an inflation of the loop. If the differential rotation continues then the final stage is a violent reconnection which leads to the ejection of a plasmoid at roughly 45 o (Hayashi et al. 1996; Goodson et al. 1997; Matt et al. 2002) . This process is somewhat related to coronal mass ejections (CMEs) from the Sun and is believed to explain the release of giant X-ray flares in YSOs (Grosso et al. 2004) .
One word of caution however. This physical process has only been analytically proven in the framework of force-free fields, namely when plasma inertia has no dynamical effect (Aly 1991) . As observed by Romanova et al. (2002) , when plasma inertia is important (full MHD equations), this violent opening of the field lines is not obtained. Instead, the magnetic configuration relaxes by modifying the rotation of the disc thereby lowering the differential rotation. According to these authors, all previous numerical situations showing CME-like ejecta (eg. Matt et al. 2002) were in this magnetically dominated limit. If this is true, then the mass flux carried by such outflows becomes an issue if they were to explain all of the mass-loss observed in T Tauri jets. In that respect, it is noteworthy that the mass-flux ejected through this process, as modelled by Matt et al. (2002) , does not seem to be correlated with the disc density, unlike what would be needed to reproduce the accretion-ejection correlation in T Tauri stars.
Another issue is collimation: 45
• is comparable to the opening angles of T Tauri jets very near their base (Hartigan et al. 2004 ), but much larger than the opening angles of a few degrees measured beyond 30 − 50 AU of their source (Burrows et al. 1996; Ray et al. 1996; Dougados et al. 2000) . Intrinsic collimation of CME-like ejecta cannot be invoked: Each ejected plasmoid is made of plasma carrying its own electric currents. But because of Ohmic resistivity (ion-electron collisions), these currents fade away and one gets eventually unmagnetized warm gas ejected into the interstellar medium. Without a proper global electric circuit there is no possibility for these plasmoids to develop a self-confining hoop-stress. Therefore, if CME-like ejecta were to explain HST jets, they must be confined by an outer pressure operating on small scales (< 30 AU). A rough estimate shows that such a confinement cannot be provided by the thermal pressure of the interstellar medium: the medium is too cold and the density should be about 10 3 times larger than that of the outflow. Alternatively, CME-like ejecta could be confined by an external magnetic pressure. In this case ρ j v 2 j ∼ B 2 ext /µ o must hold at the axial distance r j where confinement occurs. Outflowing mass conservation can be written asṀ j = S j ρ j v j where ρ j is the density of mass ejected with velocity v j through a surface of area S j . Since CME-like outflows would be produced inside a quite narrow solid angle, one expects S j << 2πr 2 j . Gathering this together, one gets the following estimate of the required magnetic field at r j ,
This is far above the interstellar magnetic field value and shows that the poloidal magnetic field required to confine CME-like ejecta must have been amplified. This can only be done if it has been advected along by the infalling material. It must therefore be anchored on the underlying keplerian accretion disc. The possible presence of such a large scale vertical magnetic field as well as its influence on the disc dynamics (eg. launching a disc wind) have to be addressed. To summarize, CME-like ejection raises critical issues on the mass loss and collimation and it remains to be proven that it could account, alone, for observed jets from T Tauri stars. ReXwinds have more promising properties, but they are necessarily occurring concurrently with extended disc winds. Thus, although time-dependent magnetospheric ejection episodes (related to reconnection events) are most likely present in TTS, they may not dominate the observed jet flow.
We also note that an interesting variability process could occur if young stars sustain dynamos with global polarity inversion. In the presence of a large scale magnetic field threading the disc, one would indeed observe cycles of an Xtype interaction with efficient ReX-wind ejection and magnetic braking, alternating with a quiescent Y-type interaction and sporadic CME-like ejections. Timescales of 10-20 yrs (López-Martín et al. 2003) between jet knots might reflect such magnetic cycles.
Kinematics of stationary MHD jets
On small scales (< 200 AU), spatially resolved jets from T Tauri stars observed in forbidden lines may be considered as essentially steady. Indeed, even though knots are commonly observed, the derived time scales are longer than the dynamical time scales involved in the acceleration zone. Besides, inferred shock velocities are much smaller than jet velocities (∆v/v ≤ 25%, Lavalley-Fouquet et al. 2000) . Thus, steadystate models should catch their main features. For the reasons outlined in the previous section, we assume in the following that the mass loss in CME-like ejecta is negligible with respect to the steady flow components from the disc (extended or Xwind) and/or the star. The remaining question is then: which of the latter components dominates the jet mass flux ?
To search for possible kinematic diagnostics distinguishing among X-wind, extended disc wind, and stellar wind, we present in this section analytical relations for the poloidal and toroidal velocities valid for all types of super-Alfvénic, stationary, axisymmetric, self-collimated MHD jets. This is an extension of the work of Anderson et al. (2003) . Since all available models are governed by the same set of ideal MHD equations, their differences arise only from different boundary conditions.
Governing dynamical equations
The poloidal magnetic field writes B p = (∇a × e φ )/r, where a(r, z) = cst describes a surface of constant magnetic flux. An MHD jet is made of nested magnetic surfaces with several integrals of motion along each surface. Using the usual definitions (v p poloidal velocity, Ω angular velocity and ρ density), these are: (1) the mass to magnetic flux ratio η(a) with 
is a measure of the magnetic lever arm braking the rotating object (star or disc). This parameter is an essential feature of MHD jet models, and this is the reason why efforts are made to constrain λ through observations. We are interested here in both accretion-powered jets and stellar winds so we need to be able to describe flows that can be substantially pressure-driven. Thus, we allow for the presence of a heat flux q = ∇H − ∇P/ρ, where H is the usual enthalpy for a perfect gas. The specific heat input along any given magnetic surface is then F (s, a) = s s o q · e ds ′ (Ferreira & Casse 2004) . This term depends on the curvilinear coordinate s and therefore varies along the flow (s o is the location where mass has been loaded and B p = B p e ). The case of cold stellar winds driven by MHD wave pressure gradients may be treated in a similar way, by adding to the heat input F (s, a) an extra term (see e.g. Eq. (38) in DeCampli 1981), describing the transfer of energy from the turbulent Alfvén waves to the flow. We will denote F ′ (s, a) this generalized "pressure" term. Including this additional effect, one gets the generalized Bernoulli invariant
where Φ G is the stellar gravitational potential and E(a) is the total specific energy provided at the base of the jet (equal to the rhs of Eq. (3) evaluated at s o ). Finally, the shape of each magnetic surface (therefore the whole jet) is given by the GradShafranov equation, but it is of no use for obtaining the jet kinematic properties. Once far away from the driving source its gravitational attraction can be neglected and the following general expressions apply
where R o is the spherical radius (
o /GM is the measure of the rotation of the magnetic surface with respect to gravity, β = 2(F ′ +H o −H)/(GM/R o ) varies along the flow and encompasses all pressure effects (both thermal and turbulent Alfvén waves) and where
are signatures of magnetic effects. Here, g measures the drift between the angular velocity of the matter Ω and that of the magnetic field Ω * ≃ Ω o , and m = v p /V Ap is the poloidal Alfvénic Mach number. These expressions are valid for any stationary MHD model of an axisymmetric, non-relativistic jet. The function g is a measure of the conversion of magnetic energy into kinetic energy. It increases from almost zero at the footpoint to a maximum value g ∞ . Powerful MHD jets are those where g ∞ ≃ 1 (maximum value allowed), meaning an almost complete transfer of magnetic energy and λ p ≃ λ φ . In addition, these jets reach high Alfvénic Mach numbers m ≫ 1 and large radii r ≫ r A so that eventually λ φ ≃ r 2 A /r 2 o = λ. The latter equality means that all angular momentum has been transferred to the matter, and is what we define as the "asymptotic regime".
At the distance from the source investigated by current observations (≥ 30 AU), we are likely to be in this asymptotic regime for jets originating close to the stellar surface (stellar winds and X-winds), while β has become constant. In the case of disc winds originating from a large radial extension, the asymptotic regime is achieved further out for the outer streamlines. For instance, a field line anchored at 1 AU has not yet reached this asymptotic regime at z ∼ 50 AU (see below). However, solutions that propagate far away, as demanded by observations, have g > 1/2 already satisfied at the Alfvén surface (see e.g. Ferreira 1997 ). This is enough to obtain λ p and λ φ converging towards a common value, since (1 + g)/2 → 1 rapidly. This common value is smaller than the real magnetic lever arm λ (until the asymptotic regime is reached), but it can be observationally determined (see below). We will hereafter use λ φ to refer to this value.
Accretion-powered disc winds
In the case of extended disc winds and X-winds δ o = 1 and r o = R o (θ o = π/2). We thus obtain the following expressions beyond the Alfvén surface, where λ p ≃ λ φ :
The influence of pressure (thermal or waves) gradients β in the poloidal velocity of jets from keplerian accretion discs is barely measurable and can be neglected. Indeed, a keplerian rotation law requires a negligible radial pressure gradient inside the disc. As a consequence, enthalpy at the disc surface always verifies
o ∼ (h/r) 2 ≪ 1. Even models of highly warmed up jets, which imply huge sub-Alfvénic temperatures of up to several 10 5 K, were obtained with β of a few percents only (Ferreira & Casse 2004 ). In the case of X-winds, the models published so far also have a negligible heat input (see e.g. ). Thus, we can safely set β = 0 for all accretion-powered disc winds.
We recall that, although thermal effects have no measurable impact on the jet poloidal speeds, they have a tremendous one on mass loading and therefore on the kinematics. An important relation derived from full solutions of the MHD accretionejection flow is
which relates the magnetic lever arm λ to the ejected mass through the local ejection efficiency ξ (Ferreira 1997) . The physics are quite simple. The same torque will be applied on the underlying accretion disc either with a large mass loss ξ but small lever arm or a small mass loss and large lever arm. What determines exactly the maximum mass loss is the constraint to obtain super-Alfvénic jets, whereas the minimum mass loss is imposed by the disc vertical equilibrium. In vertically isothermal or adiabatic discs ("cold" models), only a tiny mass flux can be lifted from a keplerian accretion disc, with typically ξ ∼ 0.01 or less, giving rise to λ ∼ 50 or more (Ferreira 1997; Casse & Ferreira 2000a ). If there is some heat deposition at the resistive disc upper surface layers ("warm" models), more mass can be loaded onto the field lines, up to ξ ∼ 0.1 or more (Casse & Ferreira 2000b ). These dense solutions have much smaller magnetic lever arms λ ≃ 6 − 20. Combining Eq. 7 and 8 with β = 0 we get
Eq. 10 allows to observationally derive the value of λ φ independently of r o from observed values of rv φ and v p (assuming the stellar mass is known). Conversely, as first noted by Anderson et al. (2003), Eq. 11 is independent of λ φ and allows to derive the launching radius r o .
It is interesting to note that Anderson et al. (2003) derived the Eq. 11 under the assumption that v φ ≪ v p , while we only assumed λ p ≃ λ φ (i.e. g > 1/2). Therefore the two assumptions (Shang et al. 1998 ). We also show as a thick curve a cut at z = 50 AU of a self-similar disc wind solution with λ = 13 settled from 0.07 to 2 AU. It can be readily seen that λ φ gives only a lower limit to the true λ at z = 50 AU. must be equivalent. Since v φ ≪ v p is indeed observationally verified in T Tauri jets, we conclude that (i) Eq. 11 applies and (ii) the plasma probed by observations has g > 1/2. Note that, at the Alfvén point along any magnetic surface v φ /v p ≃ 1 − g A where g A is the value of the function g at this point. Thus, the plasma is also likely super-Alfvénic. Moreover, g A ≃ I A /I S M , with the poloidal current I = 2πrB φ /µ o . Namely, g evaluated at the Alfvén point measures the electrical current remaining inside the MHD jet. Models with g A ∼ 1 (most of the MHD power is still available) are possible either for tiny mass fluxes or for warmed up jets (Casse & Ferreira 2000b) . This is a constraint for accretion-powered jet models.
The diagram in Figure 2 displays the curves defined by Equations10 and 11 in the (v p , rv φ ) plane, for λ φ varying from 2 to 50 (dashed curves), and an anchoring radius r o varying from 0.07 to 2 AU (solid curves), illustrating the range expected for extended atomic disc winds 4 . Note that as the plasma accelerates along one particular magnetic surface, its position in the diagram moves to the right along the corresponding r o = cst curve (once v p ≫ v φ ), and converges asymptotically towards λ φ = λ. However, an observation is actually a cut across the jet at some altitude z, i.e. it samples the whole range of nested magnetic surfaces in the disc wind (if angular resolution is sufficient).
To illustrate the typical locus of an extended disc wind in this diagram, we plot in Figure 2 a transverse cut at z = 50 AU through a self-similar solution with λ = 13, made of surfaces anchored from r o = 0.07 to 2 AU (thick solid curve). Because of self-similarity, outer streamlines reach the asymptotic regime at larger distances than inner streamlines. As a consequence, the discrepancy between λ φ and λ at a given altitude is larger for outer streamlines. It reaches a factor 2 for r o ≥ 2 AU at z = 50 AU for the solution considered here. This introduces a bias in the determination of λ, and the locus of a self-similar disc wind deviates slightly from the theoretical λ φ = λ curve.
The locus of the X-wind is shown as a thick segment in Fig. 2 . This locus is a small fraction of that occupied by extended disc winds. As an X-wind is an accretion-powered jet launched from a tiny interval of radii r o near the inner disc edge, the angular momentum is at the low end of the accessible range. The range in poloidal velocities is also narrower (λ ≃ 3 − 6, e.g. Shang et al. 1998 ). There is another interesting characteristic difference: whatever the shape of the Alfvén surface for the X-wind, the curve drawn by measuring rv φ and v p at several transverse radii r across the jet (at a given altitude z) will always fall on the same r o = Cst curve, and will thus have a positive slope in the (v p ,rv φ ) plane. Note that the same will be true of the ReX-wind component, since it is launched also from near corotation. On the contrary, an extended disc wind is likely to have a negative slope in this plane, as in the selfsimilar situation with constant λ illustrated in our z = 50 AU cut. In order to obtain a positive slope, the extended disc wind would need to have a markedly larger magnetic lever arm λ at smaller launching radii. This is very unlikely for it would require an ejection efficiency decreasing towards the central star (one usually expects the contrary).
Therefore, the global amount of angular momentum, and the slope of the rv φ vs. v p relation across the jet at a fixed altitude z, both offer good discriminants between MHD winds from the corotation (X-wind and ReX-wind) and extended disc winds.
Stellar winds
The typical rotation period of T Tauri stars is 8 days (see Bouvier et al. 1997 1R o (λ ≃ 50). As a consequence, published MHD stellar wind models are essentially pressure-driven winds where the ejected plasma gets most of its energy from β. Note that magnetic fields do play a role in collimating the outflow, but this collimation takes place mainly beyond the Alfvén surface. Figure 2 illustrates the locus of MHD stellar winds from T Tauri stars, using the conservative value δ o sin 2 θ o = 0.04 and a stellar radius R o = 3R ⊙ , for β values varying from 2 to 6 (solid lines) and λ from 2 to 200 (dashed lines) for the sake of completeness. Stellar winds occupy only a narrow region of the (v p , rv φ ) plane of MHD models (note this is a log-log plot). They are well separated from MHD disc winds, with only those stellar winds with very large λ > 100 approaching the X-wind region.
For a given λ value, stellar winds are characterized by straight horizontal lines corresponding to the observable specific angular momentum: Figure 2 shows that, for published stellar wind models where λ = 2 − 50, no detectable signature of rotation is expected from slowly rotating young stars. For the same range of λ, and contrary to accretion-powered disc winds, the asymptotic poloidal velocity of stellar winds almost entirely depends on the asymptotic value of β(> 2) alone (cf. Eq. 5), namely
As an example, model I of Sauty & Tsinganos (1994) used β = 6.64 giving a terminal speed of 543 km s −1 . Figure 2 clearly shows that only a much larger value of λ (≥ 200) introduces a deviation from the simple expression given by Eq. 13.
Comparison with T Tauri microjets observations
We now compare our kinematic predictions for stationary selfconfined jet models with recent high-angular observations of the inner regions of T Tauri microjets, using the diagnostic diagram proposed in Figure 2 . The resulting implications for disc winds and stellar winds are discussed below.
Rotation signatures
Detections of transverse velocity shifts suggestive of rotation signatures have been recently derived from HST/STIS spectra at distances ≃ 50 AU from the central source in 4 T Tauri microjets: DG Tau, Th 28, LkHα 321, and RW Aur Coffey et al. 2004; Woitas et al. 2005) . Tentative rotation signatures were previously reported by Davis et al. (2000) in the younger HH 212 jet at 2300 AU from the central infrared source (knot SK1), using the H 2 v=1-0 S(1) line.
The rotation interpretation appears particularly convincing in the case of the intermediate velocity component (IVC) of the DG Tau jet, as the rotation sense matches that of the disc (Testi et al. 2002) and transverse shift variations across and along the jet are in excellent agreement with detailed predictions for a full MHD solution of an extended disc wind (Pesenti et al. 2004) .
Care must however be exercised as currently detected velocity shifts are close to the detection limit and are thus affected by large uncertainties. Additional effects, such as intrinsic asymmetric velocity structure in the flow and/or contamination by entrained material, cannot be fully excluded. Detected velocity shifts may therefore correspond only to upper limits to the true jet azimuthal velocities. For example, tentative rotation signatures reported by Woitas et al. (2005) in the bipolar RW Aur jet appear to be in opposite sense to the disc rotation (Cabrit et al. 2006) , and are thus likely only upper limits.
In Figure 3 , we plot the derived specific angular momentum versus poloidal velocities for all of the above jets (except LkHα321, for which inclination is unknown), with distinct symbols for redshifted and blueshifted lobes. In this graph, we consider only significant measurements obtained towards outer jet streamlines at transverse distances d ⊥ ≥ 20 AU from the jet axis, as detailed modelling shows that more axial jet regions are heavily affected by projection and beam dilution effects, leading to severe underestimation of their azimuthal velocity (Pesenti et al. 2004) . As a consequence, current observations are only probing the launching radius r e of the outer streamlines of the optical jet. For the DG Tau microjet, we average velocity shifts and radial velocities reported by Bacciotti et al. (2002) at d ⊥ = 30 AU for distances along the jet between 40 and 60 AU. For the RW Aur microjet, we adopt the values of v φ and v p published by Woitas et al. (2005) (their table 1). However, given the discrepancy between jet and disk rotation sense, we take these values as upper limits. For the Th 28 redshifted flow, we average velocity shifts and radial velocities observed by Coffey et al. (2004) Table 1 summarizes the adopted values of stellar mass, jet inclination i, and v p and v φ at transverse distance d ⊥ together with their error bars. To place observed data points in Fig. 3 , we have taken into account a 10% (DG Tau, RW Aur) to 20% (Th 28, HH 212) uncertainty on the value of the central stellar mass.
Constraints on wind launching radii and magnetic lever arms
Several general conclusions may be drawn from the comparison of data points with model predictions in Figure 3 .
(i) Dynamically cold disc winds (with magnetic lever arms λ ≥ 50) are excluded (in agreement with the conclusions of Garcia et al. 2001; Pesenti et al. 2004 ), since they would predict rotation rates largely in excess of what is observed.
(ii) X-winds and stellar winds predict 10-100 times smaller angular momentum than suggested by current tentative rotation signatures in TTS jets. (iii) If these signatures indeed trace pure rotation in the jet material, then extended disc winds with r e of ≃ 0.2 to 3 AU and moderate magnetic lever arm parameters λ φ ≃ 4-18 (corresponding to "warm" solutions) are needed. In particular, it is interesting to note that most of the current measurements, including the upper limits in the RW Aur jet, appear roughly compatible with the extended MHD disc wind model with λ = 13 that fits (Pesenti et al. 2004 ) the DG Tau jet dataset (thick curve in the figure) .
The values of λ φ and r e inferred from comparison with disc wind predictions using Equations 10 and 11 are listed in Table 1 . Kinematics of T Tauri jets with rotation estimates and derived disc wind parameters. 1.5 ± 0.25 470. 5 7-17 2-12 0.2 a Velocities v p and v φ were computed from the observed radial velocities and velocity shifts at transverse distance ±d ⊥ using the following expressions: v p = v rad / cos(i) and v φ = v shi f t /2 sin(i), where i is the inclination of the jet axis to the line of sight. b Our quoted uncertainties on v p take into account a typical 3
• uncertainty on the inclination angle. This latter source of error is particularly important in the case of Th 28 and HH 212 where a high inclination of 80
• -85
• is inferred. Table 1 . Although derived only from the most reliable subset among available data (see previous section), they remain within the error bars of previously published estimates Anderson et al. 2003; Coffey et al. 2004; Woitas et al. 2005) .
We recall that if detected velocity shifts include other effects than rotation, they give only upper limits to the true jet azimuthal velocities. The derived launching radii and magnetic lever arms are then also upper limits to the true disc wind parameters. Therefore, X-winds and stellar winds cannot be definitely ruled out on the basis of current rotation measurements which sample only the outer jet. Determination of the full transverse jet rotation profile would be a crucial test, as demonstrated in Section 3. This will require better angular resolution (< 5 AU) and tracers of higher critical density (Pesenti et al. 2004 ).
Poloidal velocities
Independently of rotation measurements, the wide range of poloidal velocities observed across T Tauri jets and sometimes within the same jet (50-400 km s −1 ) also raises interesting issues for the jet launching mechanism.
X-wind models launched from the disc corotation radius r co produce, by construction, only a relatively narrow range of poloidal speeds. For the Alfvén surface calculated in e.g. Shang et al. (1998) , where λ ≃ 3 − 6, one obtains
Although this range agrees with a good fraction of known T Tauri jets (Hartigan et al. 1995) , it fails to explain the intermediate velocity component (IVC) at v p < 100 km s −1 which often dominates the emission towards optical jet edges, as e.g. in the DG Tau, Th 28-red, and RW Aurred jets (Lavalley-Fouquet et al. 2000; Bacciotti et al. 2000; Coffey et al. 2004; Woitas et al. 2005) . Reproducing these observations with an X-wind would require a substantial change in the Alfvén surface geometry, with λ ≤ 2 for equatorial streamlines. Alternatively, the IVC could be attributed to entrainment of ambient gas. However, given the wide opening angle of the X-wind, it is unclear whether this process could be efficient within 20-30 AU of the jet axis, where the IVC is observed. In either case, a substantial modification of the current published solutions would be needed.
In contrast with X-winds, extended disc winds with λ ≃ 10 easily reproduce the whole range of poloidal speeds observed in T Tauri jets. As can be seen in Fig. 3 , material ejected from launching radii beyond 0.5 AU naturally explains the intermediate velocity components at v p < 100 km s −1 seen towards jet edges, while material ejected close to the disc corotation radius ∼ 0.07 AU reaches high speeds of up to 400-500 km s −1 sufficient to explain the fastest jets observed in TTS. Hence, within a given jet lobe, a disc wind will naturally provide a range in poloidal jet velocities because of the range of keplerian speeds in the launching zone. Assuming λ constant throughout the extended disc wind, a factor 10 in launching radii will produce a drop of a factor 3 in observed velocities, from jet axis to jet edge. This is roughly the magnitude of the decline in poloidal speed from axis to edge across the DG Tau and Th 28-red jets (Lavalley-Fouquet et al. 2000; Bacciotti et al. 2000; Coffey et al. 2004) .
Finally, in the case of stellar winds, Fig. 3 shows that the range of jet poloidal speeds can easily be reproduced with β ≃ 2 − 4. To get an insight of the energy reservoir required per particle, let us first assume that β is mostly provided by an initial enthalpy. In this case, the initial jet temperature must be
Since β > 2 (Eq. 13), this implies that ejected material must have coronal temperatures. Such a high temperature could be provided either by a magnetic coronal activity or by the accretion shock onto the stellar surface. Indeed, the post-shock temperature of an adiabatic hydrodynamic shock is (Beristain et al. 2001) , in line with this kind of scenario. But the major problem with such a scenario is the unavoidable radiative losses from the densest parts: if β is in the form of initial enthalpy, then mass loss rates above 10 −9 M ⊙ /yr would radiate more X-rays than observed (DeCampli 1981) .
To circumvent this problem, one has to assume that the driving pressure effects modeled by β are mostly provided along the flow and not at the base. For instance, a sophisticated stellar wind model of Sauty & Tsinganos (1994) has an initial temperature T o ∼ 10 4 K which then raises extremely sharply to 10 6 K and levels off to several 10 6 −10 7 K thanks to the heating term F (see their Fig. 9 ). The computation of the X-ray emission of such a wind remains to be done but it is expected to be much smaller in this case. The same conclusion holds for cold wave-driven winds where β ≃ 2 − 4 is provided by the transfer of turbulent wave energy.
Mass-loss rates
As noted in Section 3.2, the magnetic lever arm in disc winds is intrinsically related to the local ejection efficiency ξ by λ ≃ 1+1/2ξ (Eq. 9). Furthermore, observations of v φ and v p provide a lower limit (λ φ ) on the magnetic lever arm λ, therefore an upper limit on ξ. This information, combined with the knowledge of the maximum outer anchoring radius r e (Table 1) , gives an upper limit on the (one-sided) mass ejection to accretion ratio that can be sustained by an extended disc wind in each object:
The last column in Table 1 lists the maximum ratios obtained for each of the observed TTS jets, assuming a constant λ throughout the disc and r i ∼ 0.1 AU (corotation radius for a typical T Tauri star). In principle, these values could be checked for consistency against the observationally determined ejection/accretion ratio in the same objects. Conversely, a lower limit to the observed mass flux ratio could in principle be used to derive an upper limit on λ (see Woitas et al. 2005) . However, such a comparison made on a star by star basis is not as constraining as one would hope, as both jet mass-loss rates and accretion rates currently suffer from large uncertainties: Four different methods exist in the literature to derive jet mass-loss rates from observed line fluxes and jet sizes, and they give results that typically differ by a factor 5-10 (see Hartigan et al. 1995 , Cabrit 2002 . As for accretion rates, their derivation from optical veiling involves a series of complex steps, with discrepancies of up to a factor 10 between different authors (Hartigan et al. 1995; Gullbring et al. 1998 ). Furthermore, veiling varies on much shorter timescales (days) than those probed by current jet observations (∼ 1 yr at z =50 AU), introducing an intrinsic scatter in the ejection/accretion ratio for TTS jets. Therefore, a statistical comparison is probably more meaningful at this stage. On average, the observed ratio of (one-sided) jet mass-flux to disc accretion rate in TTS lies in the range 0.01-0.1, depending on the adopted accretion rates, with a scatter of a factor 3-10 (Cabrit 2002 ). This range is in excellent agreement with the values listed in Table 1 , indicating that indeed magnetic disc wind models accounting for T Tauri jet kinematics are also able to sustain the observed jet mass-loss rates in these sources. This is not so clear for stellar winds: The requirement that all the ejected mass gains a large specific energy through pressure gradients (β) puts a severe energetic constraint. Indeed, the total power transferred to the two jets via either thermal or wave pressure gradients is simply
whereβ is the average value of β through the jet and L acc = GMṀ a /R * the accretion luminosity onto the star. Takingβ = 3 and a one-sided ejection to accretion mass ratio ranging from 1% to 10% gives a total power that must be as high as 3% to 30% of the accretion luminosity. But this transferred power is itself a fraction of the total power that must be available to the ejected material. Since this power is presumably stored in some accretion-related turbulence, we can write L β = ηL turb where η is the efficiency of energy conversion. For instance DeCampli (1981) obtained an efficiency of only roughly 20% with a prescribed radial field and assuming undamped waves. This is a conservative value considering that the ejected plasma will also loose energy though radiation. Thus, the total net power L turb that must be available for stellar winds must be as high as 15% to 150% of the accretion luminosity! Clearly this is very uncomfortable. Note that this poses an energetic problem only if one insists on explaining all the jet mass loss with stellar winds. This probably implies that stellar winds only carry a small fraction of the observed jet mass flux in T Tauri stars.
The origin of jet asymmetries
An intriguing property of T Tauri jets is the frequent occurence (in more than half the cases) of a strong asymmetry of up to a factor 2 in poloidal speed between the two jet lobes (Hirth et al. 1994) , as may be seen in Table 1 for RW Aur and Th 28. One might think it difficult to obtain such asymmetries within MHD jet models. We argue below that, in fact, all models may in principle account for them, asymmetries representing only another set of constraints.
In the frame of stellar winds, such a velocity asymmetry could be obtained with a difference of a factor 2 in the pressure parameter β between the two stellar poles (see Fig. 3 ). Further testing of this hypothesis requires to elucidate the origin of the pressure gradients, which remains the major unsolved issue in stellar wind models for TTS.
In the frame of MHD disc winds, jet asymmetries require an asymmetry in magnetic lever arms, or launch radii, or both, between either sides of the disc. Such a situation may occur naturally in an asymmetric ambient medium. Indeed, an accretionejection structure can be seen as a rotating wheel (the disc) with two independent electric circuits (the jets). The current that flows in each circuit depends on the power developed by the wheel (which is fixed) but also on the electric resistance which may be different on each side (Ferreira & Pelletier 1995; Ferreira 2002) . Thus, whenever the ambient medium leads to an asymmetric interaction (i.e. dissipation) with the bipolar jets, then one should expect a different total current flowing at each disc surface, namely different current densities (namely the toroidal magnetic field, affecting λ) and/or different radial extensions (affecting r e ).
Another but equivalent way to look at it is that one necessary condition for jet production is the presence of a large scale vertical magnetic field close to equipartition in the disc (Ferreira & Pelletier 1995) . But this is not a sufficient condition, as mass must be able to escape from the turbulent accretion disc. Now, the conditions for this escape can differ from one disc surface to the other, since they are strongly affected by heat deposition at the surface layers (Casse & Ferreira 2000b ). For instance, if the ambient radiation field is stronger in one side, then heating and ionization can be more important, leading to enhanced mass flux (smaller λ) and/or a larger jet launching domain. Note also that heating of the disc surface layers could be provided by dissipation of upstream waves, triggered by the interaction between the jet and its environment. Any asymmetry of this medium may therefore also lead to an asymmetric ejection.
Summary and implications for the ejection mechanisms in young stars
We have presented theoretical arguments demonstrating that unsteady MHD ejections from the magnetosphere/disc interface, although probably present in T Tauri systems, may not contribute a dominant fraction of the mass-flux in T Tauri optical jets.
To further quantify constraints on the driving mechanism for TTS jets, we have extended upon the work of Anderson et al. (2003) , and presented predictions for toroidal and poloidal velocities in all types of stationary self-collimated MHD jet models, namely accretion-driven disc winds and pressure-driven stellar winds, valid as soon as v p ≫ v φ .
We have found that the location in the (v p , rv φ ) plane is a general and powerful diagnostic to discriminate among MHD models and derive relevant parameters. Comparison of model predictions with recent observations of jet kinematics within ∼ 200 AU of their source yield several results:
-Extended "cold" disc wind models are excluded in TTS (in line with the conclusion of Garcia et al. 2001) as their large magnetic lever arm (λ ≥ 50) predicts excessive jet rotation on observed scales. -Published stellar wind models for TTS predict a very small specific angular momentum ≃ 5(λ/50) AU km s −1 , roughly 60-100 times smaller than current observational estimates/upper limits in TTS jets. Moreover, the jet poloidal speeds can only be reproduced with a large specific energy deposition, on the order of 1−2×GM/R * . Such a large input of additional energy raises the question of the origin of this energy reservoir if stellar winds were to carry all the observed jet mass loss. On the other hand, there is mounting evidence for the presence of a hot inner wind close to the stellar surface in TTS (Edwards et al. 2003; Dupree et al. 2005) . We propose that MHD stellar winds do contribute as an axial flow inside T Tauri jets but carry only a small fraction of the total mass loss. -Published wide-angle disc winds from the corotation ("Xwinds") predict a moderate specific angular momentum ≃ 50 AU km s −1 , roughly 10 times smaller than current observational estimates/upper limits in TTS jets. Moreover, the range in poloidal speeds is narrower than observed (50-400 km s −1 ), and the frequent steep decline in poloidal speed towards jet edges is not explained. Solving these problems would require a strong modification in the Alfvén surface and/or in the collimation of outer streamlines (to allow entrainment of slow ambient gas within 20-30 AU of the jet axis).
-Extended "warm" disc winds with moderate lever arms λ ≃ 13 (Casse & Ferreira 2000b ) predict a range in angular momentum and poloidal speeds readily compatible with current observations of TTS jets, even when asymmetric, provided they are launched from an inner radius r i ≃ 0.1 AU (corotation) out to an external radius r e ranging from 0.2 to several AU. Such extended disc winds also reproduce the observed ejection to accretion ratios, as well as the jet collimation and line profile shapes (Pesenti et al. 2004) . Accurate determination of the full transverse rotation profile in the jet is however critically needed, as current estimates of rotation speeds and launching radii are otherwise only upper limits.
We therefore favor the extended disc wind scenario as the currently simplest explanation for the main component in jets from T Tauri stars. Moreover, (1) it produces self-collimated jets able to (2) provide a pressure confining any plasmoid ejected at the magnetopause (either Reconnection X-winds or CME-like ejecta) and (3) is hollow, allowing the propagation of an inner pressure-driven stellar wind. We therefore expect all these components to be simultaneously present but most of the mass being carried by the disc wind. We note that although a stellar wind may be unable to carry a large fraction of the ejected mass, it allows to carry the returning electric current needed to confine the outer disc wind 5 . Within this framework, variability phenomena on time scales smaller than or comparable to the stellar rotational period should be interpreted as signatures of the star-disc interaction. In particular, if the stellar magnetic moment is parallel to the disc field, efficient braking of the contracting star is possible through a ReX-wind (Ferreira et al. 2000) .
The hypothesis of extended MHD disc winds in T Tauri stars has several important implications on accretion disc physics. To obtain solutions with moderate lever arms (λ ∼ 10), a necessary condition is heat input at the upper disc surface layers. Such an input in the resistive MHD disc region allows more mass to be loaded onto the field lines (ξ ∼ 0.1, Casse & Ferreira 2000b) . The origin of this heat deposition remains an open question. It cannot be due solely to illumination by stellar UV and X-ray radiation (Garcia et al., to be submitted) . Alternatively, the turbulent processes responsible for the required magnetic diffusivity inside the disc might also lead to a turbulent vertical heat flux leading to dissipation at the disc surface layers. It is interesting to note that in current MHD simulations of the magneto-rotational instability a magnetically active "corona" is quickly established (Stone et al. 1996; Miller & Stone 2000) . Although no 3D simulation has been done with open magnetic field lines, this result is rather promising. Indeed, it might be an intrinsic property of the MHD turbulence in accretion discs, regardless of the launching of jets (see arguments developed by Kwan 1997 and Glassgold et al. 2004) .
The prime condition for the existence of accretion powered disc winds (extended or X-winds) is the presence of a vertical large scale magnetic field close to equipartition (Ferreira & Pelletier 1995) , namely 
threading the disc on some extension (up to r e ). Thus, probing the external launching radius r e of jets from YSOs is an indirect way to constrain the disc magnetic field. The origin of this field is still a matter of debate. It could be either advected from the parent molecular cloud or locally generated by a dynamo (or both). The amount of the magnetic flux threading the disc is thus an issue in star formation, but it is likely to vary from one object to another. Ferreira et al. (2000) showed that contracting protostars initially rotating at break-up speeds can be spun down via ReXwinds, on the duration of the embedded phase, to low rotational speeds characteristic of TTS. But the natural outcome of this model is the decline in time of the disc magnetic flux. More precisely, the disc field reconnects with closed stellar field lines and, eventually, ends up as open magnetic lines anchored on the star. Thus, according to this picture, the relative importance of extended disc winds should decrease in time (r e → r i ). Ultimately, within this framework, some slowly rotating TTS should only drive stellar winds (along with some unsteady magnetospheric events). In this respect, it is particularly interesting to note that some TTS have indeed no spectroscopic evidence for jets in the form of high-velocity components in forbidden lines (Hartigan et al. 1995) . They exhibit only a low-velocity component in [O I] not clearly correlated with accretion, possibly tracing a photo-evaporating layer at the disc surface. Such an evolutionary effect needs testing on a broad sample of young stellar objects. Our proposed diagram will then be a prime diagnostic tool to use.
